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PH MEASURING BALLOON

FIELD OF THE INVENTION

[0001] The present invention relates generally to methods
and devices for detecting vulnerable plaque within a blood
vessel. More specifically, the present invention relates to
methods and devices for measuring the pH of blood in the
vicinity of a vulnerable plaque.

BACKGROUND OF THE INVENTION

[0002] Tt is widely recognized that plaques or lesions
within body vasculature may be classified into three broad
categories, viz., calcified or hard, fibrous, or inflamed lipid
filled plaque. The detection and identification of inflamed
plaques is important since such lesions are at the greatest
risk of rupture, resulting in a large thrombus or blood clot to
form and occlude the flow of blood through the artery,
thereby causing irreversible injury to the heart or brain.

[0003] An inflamed or vulnerable plaque may be charac-
terized by its cap thickness, lipid pool size, and the pondus
Hydrogenii (pH) of the blood in its vicinity. In general, the
pH of the blood in the vicinity, or at an immediately distal
location, of such lesions may be somewhat lower than
normal. Additionally, the region of an inflamed plaque is
relatively warmer than the surrounding tissue. Numerous
devices such as fiber optic systems with infra-red detectors
have been proposed, however, such devices are very expen-
sive, making them available only in a limited number of
procedures. Therefore, there is a need for a relatively inex-
pensive means of detecting vulnerable plaque within the
blood vessel.

SUMMARY OF THE INVENTION

[0004] The present invention pertains to a balloon catheter
which may be inserted into a body lumen and advanced to
the suspected location of a vulnerable plaque for determin-
ing the pH of the blood in the vicinity of the lesion.

[0005] In one illustrative embodiment of the present
invention, the balloon may be a double-walled balloon
disposed about a portion of a catheter proximate the distal
end of the catheter. The double-walled balloon may have a
first material forming an outer wall and a second material
forming an inner wall, with a space between the inner and
outer walls. The outer wall of the balloon may be of a
material permeable to lipid laden blood, thereby permitting
blood to enter the space enclosed between the inner and
outer walls.

[0006] In one embodiment of the invention, the space
between the inner and outer walls of the double-walled
balloon may be filled with a pH-sensitive material such that
the optical property thereof changes in response to the pH of
the blood.

[0007] Another embodiment of the invention may have a
single-walled balloon disposed about a portion of the cath-
eter proximate the distal end of the catheter. In such an
embodiment, the balloon wall may be of a material perme-
able to lipid laden blood, thereby permitting blood to enter
the space enclosed by the single-walled balloon.

[0008] In other embodiments, the one or more balloon
walls may be coated, at least in part, by a pH-sensitive
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material whose optical properties may change in response to
the pH of the blood. In yet other embodiments, the balloon
wall(s) itself may be of a material whose optical properties
may change in response to the pH of the blood.

[0009] The balloon wall(s) may, at least in part, be trans-
parent to at least one predetermined wavelength of light.
Additionally, the optical properties of the balloon wall(s)
and/or the pH-sensitive compound enclosed between the
inner and outer walls of a double-walled balloon may
change in response to the pH.

[0010] Changes in the optical properties of the balloon
wall(s) and/or the pH-sensitive compound may be deter-
mined by an opto-electric device mounted on the catheter
and enclosed by the balloon. In one embodiment, the opto-
electric device may include a light source constructed and
arranged to emit at least one predetermined wavelength of
light, and a light detector constructed and arranged to sense
at least one predetermined wavelength of light and generate
a signal in response thereto. In another embodiment, the
light source and detector may consist of one or more optical
fibers extending from the proximal end of the catheter to a
location within the balloon enclosing the distal end of the
catheter.

[0011] These and further objects, features, and advantages
of the present invention will become apparent from the
following detailed description, when reference is made to
the figures in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 shows one embodiment of a pH-measuring
double-walled balloon disposed about the distal end of a
catheter; and

[0013] FIG. 2 shows one embodiment of a pH-measuring
single-walled balloon disposed about the distal end of a
catheter.

DETAILED DESCRIPTION OF THE
INVENTION

[0014] The following detailed description should be read
with reference to the drawings, in which like elements in
different drawings are numbered in like fashion. The draw-
ings, which are not necessarily to scale, depict selected
embodiments and are not intended to limit the scope of the
invention. Those skilled in the art will recognize that many
of the examples provided may have suitable alternatives that
could be utilized without departing from the spirit of the
present invention.

[0015] FIG. 1 illustrates one embodiment of a double-
walled balloon system 10 that may be used for measuring the
pH of the blood. System 10 may include an elongated shaft
12 having a proximal end (not shown) and a distal end 14,
with a double-walled balloon 16 disposed about and proxi-
mate distal end 14 of elongated shaft 12. The double-walled
balloon 16 may include a first material forming an outer wall
18 of the balloon and a second material forming an inner
wall 20 of the balloon, such that the inner and outer walls,
20 and 18 respectively, enclose space 22 therebetween.

[0016] Tt is well known to those skilled in the art that a
higher concentration of hydronium ions (H;0%) typically
accompanies a lower pH. In view thereof, it may be advan-
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tageous in one embodiment for the outer wall 18 of the
double-walled balloon 16 be made of a material permeable
to hydronium ions (H,0%).

[0017] In the embodiments of the present invention, it is
desirable for one or more property of the pH-sensitive
compound to change as a function of the pH of the blood in
the body vessel. Of the numerous pH-sensitive materials
available, compounds that change their optical characteris-
tics as a function of the pH of the blood may be more
desirable than others. Some examples of such pH-sensitive
material are: fluorescein, fluorescein derivatives, carbox-
ynaphthofluorescein, seminaphthorhodafluors, and semi-
naphthofluoresceins. In view thereof, it may be advanta-
geous for one or more of the walls of balloon 16 to be
transparent to at least one predetermined wavelength of
light.

[0018] In one embodiment, outer wall 18 of the double-
walled balloon may be of a blood permeable material such
that lipid-laden blood may flow into and out of enclosed
space 22. The system of this embodiment may include a
means for injecting and/or extracting pH-sensitive material
in space 22 between the inner and outer walls, 20 and 18
respectively, of the double-walled balloon 16. The pH-
sensitive material may be transported through a proximally
extending lumen 24, fluidly coupled at its distal end to space
22. In an alternate embodiment, space 22 may be pre-filled
with a pH-sensitive material such that lumen 24 may not be
required. In other embodiments, the balloon walls 18 and/or
20 may be coated with a pH-sensitive material 32 such as
polyacrylonitrile. Alternately, the balloon walls 18 and/or 20
may be made of a pH-sensitive material.

[0019] Measurement of the optical property and/or the
change in the optical characteristics of a pH-sensitive com-
pound may be accomplished using an opto-electric device
26 mounted on elongated shaft 12. As illustrated in FIG. 1,
opto-electric device 26 may be located proximate distal end
14 of elongated shaft 12, and enclosed within double-walled
balloon 16.

[0020] Opto-electric device 26 for measuring the optical
characteristics of a pH-sensitive compound may include a
light source and a light detector. The light source may be
constructed and arranged to transmit at least one predeter-
mined wavelength of light to the inner-most surface of the
balloon. The light detector may be constructed and arranged
to detect at least one predetermined wavelength of light, and
generate a signal indicative of the wavelength of the
detected light.

[0021] In one embodiment of the present invention, the
light detector may detect light reflected and/or emanating
from one or more surfaces of the one or more balloon walls.
In an alternate embodiment, opto-electric device 26 may
include a light directing means, constructed and arranged to
direct at least one predetermined wavelength of light
reflected from and/or emanating from at least one pH-
sensitive material on the balloon 16. In another embodiment,
the light detector may detect light reflected from the pH-
sensitive material encased between the inner and outer walls,
20 and 18 respectively, of the double-walled balloon 16.

[0022] Inone embodiment of the present invention, a light
emitting diode may be used as the light source for opto-
electric device 26. In an alternate embodiment, the light
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source may include at least one optical fiber 36 having a
distal end and a proximal end (not shown), with the distal
end positioned inside balloon 16 and the at least one optical
fiber 36 extending from inside balloon 16 to the proximal
end of elongated shaft 12. The at least one optical fiber 36
may be constructed and arranged to transmit at least one
predetermined wavelength of light from the proximal end of
the optical fiber to its distal end positioned inside balloon 16.

[0023] The light detector in one embodiment of the inven-
tion may include at least one optical fiber 38 having a distal
end and a proximal end (not shown), with the distal end
positioned inside balloon 16 and the at least one optical fiber
38 extending from inside balloon 16 to the proximal end of
elongated shaft 12. The at least one optical fiber 38 may be
constructed and arranged to transmit at least one predeter-
mined wavelength of light from its distal end positioned
inside balloon 16 to the proximal end of the optical fiber 38.

[0024] Opto-electric device 26 may further include a light
directing device constructed and arranged to direct at least
one predetermined wavelength of light, at least in part, onto
at least one pH-sensitive material. The light directing device
may be positioned inside balloon 16, and may be constructed
and arranged to enable movement along the longitudinal
axis inside balloon 16, and rotation about the longitudinal
axis inside balloon 16. As such, the light directing device
may be used to direct at least one predetermined wavelength
of light to and/or from any location inside balloon 16.

[0025] Inalternate embodiments of the present inventions,
opto-electric device 26 may include an optical filter for
filtering at least a portion of at least one predetermined
wavelength of light to and/or from the light source and/or the
light detector. Opto-electric device 26 may also include one
or more optical lenses for collimating at least one predeter-
mined wavelength of light to and/or from the light source
and/or the light detector.

[0026] After positioning balloon 16 in the vicinity of a
vulnerable plaque, it may be advantageous to inflate balloon
16 to somewhat occlude blood flow, thereby enabling lipid
laden blood to flow through outer wall 18 and into enclosed
space 22 wherein the blood can come into contact with a
pH-sensitive material. Another advantage of inflating bal-
loon 16 may be to permit a larger surface area of balloon
outer wall 18 to be exposed to the blood in the body vessel.
This may be desirable for systems having a pH-sensitive
material coated on the surface of the balloon walls, and for
systems in which the balloon walls are made of a pH-
sensitive material. Balloon 16 may be inflated and/or
deflated via a proximally extending lumen 28, fluidly
coupled at its distal end to space 30 inside balloon 16, and
fluidly coupled at its proximal end to an inflation/deflation
means.

[0027] FIG. 2 illustrates one embodiment of a single-
walled balloon system 110 that may be used for measuring
the pH of blood within the vasculature. System 110 may
include an elongated shaft 12 having a proximal end (not
shown) and a distal end 14, with a single-walled balloon 150
disposed about and proximate distal end 14 of elongated
shaft 12. Single-walled balloon 150 may include wall 152
defining the outermost extent of balloon 150 and enclosing
space 154.

[0028] Balloon wall 152, in many respects, may be similar
to outer wall 18 of doublewall balloon 16 discussed above
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with respect to FIG. 1. Balloon wall 152 may be permeable
to lipid laden blood, may be coated with a pH-sensitive
compound 32, or may be of a pH-sensitive material. Balloon
150 may be inflated by injecting a pH-sensitive fluid through
proximally extending lumen 28. As previously discussed in
the various embodiments related to FIG. 1, it may be
desirable to use a pH-sensitive material whose optical prop-
erty changes in response to the pH of the blood in the
vasculature. Similarly, measurement of the optical property
and/or the change in the optical characteristics of the pH-
sensitive compound may be accomplished using opto-elec-
tric device 26 mounted on elongated shaft 12 proximate
distal end 14 and enclosed in balloon 150.

[0029] In use, either system 10 (FIG. 1) of the present
invention having a double-walled balloon 16, or system 110
(FIG. 2) of the present invention having a single-walled
balloon 150 may be introduced into the vasculature, and
balloon 16 or 150 positioned in the vicinity of a vulnerable
plaque. In some instances, it may be desirable to position the
balloon at a location immediately distal of the lesion to
enhance contact between lipid laden blood and the balloon.
The balloon may then be inflated to enable blood to enter
space 22 or 154 wherein it contacts the pH-sensitive fluid
contained therein. Alternately, the blood within the body
vessel may interact with the one or more pH-sensitive walls
of the inflated balloon. When lipid laden blood having a
lower pH comes in contact with the pH-sensitive material, it
may change the optical characteristics of the pH-sensitive
material. Measurement of the optical property and/or the
change in the optical characteristics of the pH-sensitive
compound may be accomplished using the opto-electric
device 26 mounted on elongated shaft 12. Upon completion
of the procedure, the balloon may be deflated, and then
removed from the vasculature.

[0030] Having thus described the several embodiments of
the present invention, those of skill in the art will readily
appreciate that other embodiments may be made and used
which fall within the scope of the claims attached hereto.
Numerous advantages of the invention covered by this
document have been set forth in the foregoing description.
It will be understood that this disclosure is, in many respects,
only illustrative. Changes may be made in details, particu-
larly in matters of shape, size and arrangement of parts
without exceeding the scope of the invention.

We claim:
1. A device for detecting plaque within of a body vessel,
said device comprising:

an elongated shaft having a proximal end and a distal end;

a double-walled balloon disposed about a portion of the
elongated shaft proximate the distal end of the elon-
gated shaft; and

means for detecting the pH of the material in the body

vessel.

2. The device of claim 1, wherein the double-walled
balloon comprises a first material forming an outer wall of
the balloon and a second material forming an inner wall of
the balloon, said inner and outer walls enclosing a space
therebetween.

3. The device of claim 2, wherein the first material
forming the outer wall of the double-walled balloon is
permeable to one or more pH-indicative compounds.
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4. The device of claim 2, wherein the elongated shaft
further comprises means for injecting and/or extracting
pH-sensitive material in the space between the inner and
outer walls of the double-walled balloon.

5. The device of claim 2, wherein the first material
forming the outer wall of the double-walled balloon is
permeable to hydronium ions (H;0%).

6. The device of claim 3, wherein the space enclosed
between the inner and outer walls of the double-walled
balloon contains a pH-sensitive material.

7. The device of claim 6, wherein one or more properties
of the pH-sensitive material changes as a function of the pH
of the one or more pH-indicative compounds crossing the
outer wall of the double-walled balloon.

8. The device of claim 6, wherein the pH-sensitive mate-
rial has optical characteristics that change as a function of
the pH of the one or more pH-indicative compounds cross-
ing the outer wall of the double-walled balloon.

9. The device of claim 6, wherein the pH-sensitive mate-
rial is selected from the group consisting of seminaphthof-
luoresceins, fluorescein, carboxynaphthofluorescein, semi-
naphthorhodafluors, and fluorescein derivatives.

10. The device of claim 1, wherein the balloon has an
inflated state and a deflated state.

11. The device of claim 1, wherein the elongated shaft
further comprises a means for inflating and/or deflating the
balloon.

12. The device of claim 1, wherein the walls of the balloon
are transparent to at least one predetermined wavelength of
light.

13. The device of claim 1, wherein the means for detect-
ing the pH is an opto-electric device.

14. The device of claim 13, wherein the opto-electric
device detects a change in the pH of the material in the body
vessel.

15. The device of claim 13, wherein the opto-electric
device detects a change in one or more optical characteris-
tics of the pH-sensitive material coated on the outer surface
of the balloon.

16. The device of claim 13, wherein the opto-electric
device detects a change in one or more optical characteris-
tics of the pH-sensitive material between the inner and outer
walls of the double-walled balloon.

17. The device of claim 13, wherein the opto-electric
device detects a change in one or more optical characteris-
tics of the pH-sensitive material comprising one or more
walls of the balloon.

18. The device of claim 13, wherein the opto-electric
device comprises:

a light source constructed and arranged to transmit at least
one predetermined wavelength of light to the inner-
most surface of the balloon; and

a light detector constructed and arranged to detect at least
one predetermined wavelength of light and generate a
signal indicative of the wavelength of light.

19. The device of claim 18, wherein the light detector
detects light reflected from one or more surfaces of the
balloon walls.

20. The device of claim 19, further comprising a light
directing device, said light directing device constructed and
arranged to direct at least one predetermined wavelength of
light reflected from and/or emanating from at least one
pH-sensitive material comprising the balloon.
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21. The device of claim 18, wherein the light detector
detects light reflected from the pH-sensitive material
between the inner and outer walls of the double-walled
balloon.

22. The device of claim 18, wherein the light detector
detects light emanating from the balloon walls.

23. The device of claim 18, wherein the light detector
detects light emanating from the pH-sensitive material
between the inner and outer walls of the double-walled
balloon.

24. The device of claim 18, wherein the light detector is
positioned inside the balloon.

25. The device of claim 18, wherein the light source is
positioned inside the balloon.

26. The device of claim 18, wherein the light source is a
light emitting diode.

27. The device of claim 18, wherein the light source
comprises at least one optical fiber having a distal end and
a proximal end, said distal end of the optical fiber positioned
inside the balloon and said optical fiber extending from
inside the balloon to the proximal end of the elongated shaft,
the optical fiber constructed and arranged to transmit at least
one predetermined wavelength of light from the proximal
end of said optical fiber to the inside of the balloon.

28. The device of claim 18, wherein the light detector
comprises at least one optical fiber having a distal end and
a proximal end, said distal end of the optical fiber positioned
inside the balloon and said optical fiber extending from
inside the balloon to the proximal end of the elongated shaft,
the optical fiber constructed and arranged to transmit at least
one predetermined wavelength of light from the inside of the
balloon to the proximal end of said optical fiber.

29. The device of claim 18, further comprising a light
directing device constructed and arranged to direct at least
one predetermined wavelength of light onto at least one
pH-sensitive material comprising the balloon.

30. The device of claim 29, wherein the light directing
device is positioned inside the balloon.

31. The device of claim 29, wherein the light directing
device is constructed and arranged to move along a longi-
tudinal axis inside the balloon.

32. The device of claim 29, wherein the light directing
device is constructed and arranged to rotate about a longi-
tudinal axis inside the balloon.

33. The device of claim 29, wherein the light directing
device is constructed and arranged to direct at least one
predetermined wavelength of light to and/or from any loca-
tion inside the balloon.

34. The device of claim 29, further comprising an optical
filter constructed and arranged to filter at least a portion of
at least one predetermined wavelength of light to and/or
from the light source.

35. The device of claim 29, further comprising an optical
filter constructed and arranged to filter at least a portion of
at least one predetermined wavelength of light to and/or
from the light detector.

36. The device of claim 29, further comprising at least one
optical lens constructed and arranged to collimate at least
one predetermined wavelength of light to and/or from the
light source.

37. The device of claim 29, further comprising at least one
optical lens constructed and arranged to collimate at least
one predetermined wavelength of light to and/or from the
light detector.
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38. A device for detecting plaque within a body vessel,
said device comprising:

an elongated shaft having a proximal end and a distal end;

a balloon disposed about a portion of the elongated shaft
proximate the distal end of the elongated shaft; and

means for detecting the pH of the material in the body

vessel.

39. The device of claim 38, wherein the outer surface of
the balloon further comprises a pH-sensitive material.

40. The device of claim 39, wherein the pH-sensitive
material changes one or more property of the balloon as a
function of the pH of the material in the body vessel.

41. The device of claim 39, wherein one or more prop-
erties of the pH-sensitive material change as a function of
the pH of the material in the body vessel.

42. The device of claim 39, wherein the pH-sensitive
material is polyacrylonitrile.

43. The device of claim 38, wherein the balloon is
constructed from a pH-sensitive material.

44. The device of claim 38, wherein the balloon has an
inflated state and a deflated state.

45. The device of claim 38, wherein the means for
detecting the pH is an opto-electric device.

46. The device of claim 38, wherein the balloon is
transparent to at least one predetermined wavelength of
light.

47. A method for detecting plaque within a body vessel,
said method comprising the steps of:

providing a catheter comprising an elongated shaft having
a proximal end and a distal end, an inflatable double-
walled balloon having an inner wall and an outer wall
permeable to pH-indicative compound, said inner and
outer walls enclosing a space for holding a pH-sensitive
material therebetween, said double-walled balloon dis-
posed about a portion of the elongated shaft proximate
the distal end of said elongated shaft;

inserting the distal end of the catheter into a body vessel,
positioning the double-walled balloon proximate a
plaque, inflating said double-walled balloon enabling
contact between the outer-most surface of the double-
walled balloon and one or more pH-indicative com-
pounds to enable flow of said pH-indicative compound
across said permeable outer wall of the double-walled
balloon; and

measuring the pH of the material within the body vessel
by detecting a change in one or more properties of the
pH-sensitive material enclosed between the inner and
outer walls of the double-walled balloon.

48. The method of claim 47, further comprising the step
of injecting and/or extracting a pH-sensitive material
between the inner and outer walls of the double-walled
balloon.

49. A method for detecting plaque within a body vessel,
said method comprising the steps of:

providing a catheter comprising an elongated shaft having
a proximal end and a distal end, an inflatable single-
walled balloon having a pH-sensitive material on the
outer surface of the balloon wall, said single-walled
balloon disposed about a portion of the elongated shaft
proximate the distal end of said elongated shaft;
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inserting the distal end of the catheter into a body vessel,
positioning the single-walled balloon proximate a
plaque, inflating said single-walled balloon enabling
contact between the outer-most surface of the single-
walled balloon and one or more pH-indicative com-
pounds in the body vessel; and

measuring the pH of the material within the body vessel
by detecting a change in one or more property of the
pH-sensitive material on the outer surface of the single-
walled balloon.
50. A method for detecting plaque within a body vessel,
said method comprising the steps of:

providing a catheter comprising an elongated shaft having
a proximal end and a distal end, an inflatable balloon
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comprised of a pH-sensitive material, said balloon
disposed about a portion of the elongated shaft proxi-
mate the distal end of said elongated shaft;

inserting the distal end of the catheter into a body vessel,
positioning said balloon proximate a plaque, inflating
the balloon enabling contact between the outer-most
surface of the balloon and one or more pH-indicative
compounds in the body vessel; and

measuring the pH of the material within the body vessel
by detecting a change in one or more properties of the
wall comprising the inflatable balloon.



